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(57) ABSTRACT 

Pressurized injector actuation ?uid, such as oil or fuel, is 
supplied to high pressure common rail by a ?xed displace 
ment ?uid pump. Variable delivery from the pump is 
achieved by an improved sleeve metering approach. The 
sleeve surrounds the reciprocating piston and is manipulated 
to control venting of pumped ?uid through vent ports in the 
piston. The sleeve is moved by preferably being the arma 
ture of a solenoid assembly. The varying of current to the 
solenoid coil alters the axial position of the sleeve relative to 
the piston to vary the effective pumping stroke of the piston. 
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SLEEVE METERED UNIT PUMP AND FUEL 
INJECTION SYSTEM USING THE SAME 

RELATION TO OTHER APPLICATION 

[0001] This application claims priority for pending provi 
sional application 60/129,699, With the same title as above. 

TECHNICAL FIELD 

[0002] This invention relates to a sleeve metered, variable 
delivery ?uid pump and, more particularly to a common rail 
fuel injection system Which utiliZes the pump to supply 
actuation ?uid to a common ?uid accumulator or rail. 

BACKGROUND ART 

[0003] In a common rail fuel injection system, high pres 
sure actuation ?uid is used to poWer electronic unit injectors, 
and the actuation ?uid is supplied to the injectors from a 
high pressure ?uid accumulator, Which is referred to as a rail. 
To permit variation of the ?uid pressure supplied to unit 
injectors from the rail, it is desirable to vary the delivery of 
?uid to the rail from one or more actuation ?uid pumps. 
KnoWn common rail systems typically rely on either a single 
?uid pump that supplies ?uid to the rail or a plurality of 
smaller displacement pumps that each supplies ?uid to the 
rail. The volume and rate of ?uid delivery to the rail has been 
varied in the past by providing a rail pressure control valve 
that spills a portion of the delivery from a ?xed delivery 
pump to maintain the desired rail pressure. 

[0004] Variable delivery pumps are Well knoWn in the art 
and are typically more ef?cient for common rail fuel systems 
than a ?xed delivery actuation ?uid pumps, since only the 
volume of ?uid needed to attain the desired rail pressure 
must be pumped. For example, variable delivery has been 
achieved from an axial piston pump, eg a pump Wherein 
one or more pistons are reciprocated by rotation of an angled 
sWash plate, by varying the angle of the sWash plate and thus 
varying the displacement of the pump. In such a pump, the 
sWash plate is referred to as a “Wobble plate”. Variable 
delivery has also been achieved in ?xed displacement, axial 
piston pumps by a technique knoWn as sleeve metering, in 
Which each piston is provided With a vent port that is 
selectively closed by a sleeve during part of the piston stroke 
to vary the effective pumping portion of the piston stroke. 

[0005] While knoWn variable delivery pumps designs are 
suitable for many purposes, knoWn designs are not alWays 
Well suited for use With modern hydraulically actuated fuel 
systems, Which require ?uid delivery to the rail to be varied 
With high precision and With rapid response times measured 
in microseconds. In addition, knoWn variable delivery 
pumps designs are typically complex, may be costly, and are 
subject to mechanical failure. 

[0006] In one speci?c example, US. Pat. No. 5,630,609 to 
Kadlicko shoWs a ?xed displacement sWash plate type pump 
that achieves variable output via sleeve metering. The sleeve 
metering mechanism of Kadlicko appears to utiliZe a 
hydraulic force that is balanced against a spring force to 
adjust the position of the sleeve. In order to adjust the pump 
output, the positions of the metering sleeves are sensed and 
then ?uid pressure is adjusted to move the sleeves to a 
different desired output position. The Kadlicko pump 
appears to suffer from several draWbacks, including its 
complex control strategy, Which Would appear to be accom 
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panied by relatively difficult problems in calibrating control 
signals With desired outputs from the pump. 

[0007] This invention is directed to overcoming one or 
more of the problems described above. 

DISCLOSURE OF THE INVENTION 

[0008] In one aspect, a sleeve metered pump includes a 
pump housing that de?nes a pump chamber, an inlet and an 
outlet. At least one plunger, Which de?nes at least one vent, 
is positioned to reciprocate a stroke distance in the pump 
housing. A solenoid assembly includes a coil disposed 
around the plunger and a metering sleeve slideably mounted 
on the plunger. The metering sleeve has a position in Which 
at least one vent is covered for a portion of the stroke 
distance. 

[0009] In another aspect, a fuel injection system includes 
a plurality of fuel injectors ?uidly connected to a common 
rail. A sleeve metered pump has an outlet ?uidly connected 
to the common rail and an inlet ?uidly connected to a source 
of ?uid. The sleeve metered pump includes a solenoid 
assembly, and at least one plunger that de?nes a vent and is 
positioned to reciprocate a stroke distance in a pump hous 
ing. The solenoid assembly includes a coil disposed around 
at least one plunger and a metering sleeve slideably mounted 
on each plunger. 

[0010] In still another aspect, a method of controlling 
output from a sleeve metered pump includes the initial step 
of providing a sleeve metered pump. A desired effective 
pumping stroke is determined for the sleeve metered pump. 
Next, a solenoid current magnitude is determined that cor 
responds to the desired effective pumping stroke. Finally, the 
position of the metering sleeve Within the pump is adjusted 
by supplying current to its solenoid assembly at the level 
corresponding to the previously determined solenoid current 
magnitude. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a diagrammatic representation of a com 
mon rail fuel injection system in accordance With this 
invention; 
[0012] FIG. 2 is a fragmentary, cross-sectional vieW of a 
portion of an internal combustion engine utiliZing one 
embodiment of variable delivery pump in accordance With 
this invention in connection With a common rail fuel system; 
and 

[0013] FIG. 3 is a cross-sectional vieW of the pump shoWn 
in FIG. 2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0014] With reference to FIG. 1, a fuel injection system, 
generally designated 20 in accordance With this invention, 
for an internal combustion engine 22 (FIG. 2) comprises a 
plurality of unit injectors 24, Which may be conventional but 
are preferably unit injectors having a noZZle check valve 
operable independent of injection pressure, such as the 
injectors described in commonly-oWned US. Pat. Nos. 
5,463,996, 5,669,335, 5,673,669, 5,687,693, 5,697,342, and 
5,738,075. The preferred unit injectors are poWered by 
pressuriZed engine oil, hoWever those skilled in the art Will 
recogniZe that this invention is equally applicable to com 
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mon rail systems that use high pressure fuel to power the 
unit injector. Likewise, an intensi?ed injector system is 
preferred, although this invention is also equally applicable 
to non-intensi?ed injector systems. 

[0015] The fuel system 20 further includes a plurality of 
variable delivery, reciprocating piston unit pumps 26, Which 
supply high pressure ?uid to a common high pressure ?uid 
accumulator or rail 28. In the case Where the injector 
actuation ?uid is pressuriZed engine oil, oil is draWn from a 
sump or tank 30 in the engine 22 via an engine lube pump 
32 and pumped through an oil ?lter 34 to the main engine oil 
gallery 36. Each unit pump 26 draWs oil from a source of 
?uid, such as the engine oil gallery 36, and pumps high 
pressure oil to the common high pressure rail 28. In addition, 
oil from the sump 30 is also delivered to an elevated 
reservoir 38, Which delivers ?uid to the high pressure rail 28 
via a check valve 40 for thermal make-up under loW 
temperatures conditions. An associated camshaft 42 internal 
to the engine 22 drives each of the unit pumps 26, and the 
camshaft 42 is driven by the crankshaft 44 oh the engine 22. 
The illustrated camshaft 42 have three lobes 46 at the 
location of each unit pump 26, but it Will be recogniZed that 
the camshaft 42 may be provided With more or less than 
three lobes 46 as appropriate for the particular application. 
In the illustrated embodiment, each unit pump 26 Will 
undergo three pumping strokes per revolution of the cam 
shaft 42. 

[0016] Pressure in the high pressure rail 28 is monitored 
by a conventional pressure sensor 48, Which provides an 
electronic pressure signal to a suitable, conventional elec 
tronic control module (ECM) 50. Based on the sensed rail 
pressure and the desired rail pressure, the ECM 50 deter 
mines Whether to raise or loWer the pressure in rail 28, as the 
case may be. As Will be described beloW, the pressure in the 
rail 28 is varied by varying the rate of delivery of ?uid to the 
rail 28 from one or more of the unit pumps 26. In general, 
the delivery from each unit pump 26 is varied by adjusting 
the effective pumping stroke of the unit pump 26, Which is 
the duration during each compression stroke thereof that 
?uid is pumped through the outlet of the unit pump 26 
instead of back to the engine oil gallery 36 or the sump 30 
as Will be discussed beloW. The effective pumping stroke of 
each unit pump 26 is related to the angular or rotary position 
of the camshaft 42 at the beginning of the effective pumping 
stroke and thus the angular position of the crankshaft 44 at 
the beginning of the effective pumping stroke. The rotary 
position of the crankshaft 44 is provided to the ECM 50 via 
a conventional timing sensor 44A, and based on the required 
change in rail pressure, if any, determined by the ECM 50, 
the ECM 50 adjusts the effective pumping stroke of one or 
more of the unit pumps 26. 

[0017] FIG. 2 illustrates a fragmentary portion of one 
cylinder of the internal combustion engine 22, Which in this 
case is a diesel engine. One skilled in the art Will recogniZe 
that various aspects of this invention may used With spark 
ignited engines if appropriate, as With gasoline direct injec 
tion for eXample. The engine 22, Which may be conven 
tional, includes a block 52 that de?nes one or more cylinders 
54, only one of Which is shoWn. A piston 56 reciprocates 
Within the cylinder 52 and drives the crankshaft 44 via a 
connecting rod 58. The unit pump 26 is disposed Within the 
block 52 and driven by the camshaft 42. FIG. 2 also 
illustrates one of the unit injectors 24 mounted in the head 
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60 of the engine 22, in Which the high pressure ?uid rail 28 
is formed. Of course, one skilled in the art Will recogniZe 
that the rail 28 may alternatively be a vessel separate from 
the head 60. 

[0018] FIG. 3 illustrates the unit pump 26 in greater detail. 
The unit pump 26 comprises a barrel 62 having an inlet 64 
and an outlet 66 communicating With a pump chamber 68 
formed Within the barrel 62. The inlet is normally closed by 
a spring-biased check valve 64A and the outlet 66 is nor 
mally closed by a spring-biased check valve 66A. A holloW 
piston or plunger 72 is received Within a portion of the pump 
chamber 68 and reciprocal therein. A folloWer guide 74 is 
attached to the barrel 62 concentric With the plunger 72, and 
a folloWer assembly, generally designated 76, is slidable 
Within the folloWer guide 74. Together, barrel 62 and fol 
loWer guide 74 can be thought of as a pump housing. The 
folloWer assembly 76 comprises a roller folloWer 78 rotat 
ably mounted to a cylindrical guide block 80. While a roller 
folloWer is preferred, other suitable folloWers may also be 
used. The plunger 72 has a ?ange 82 at its loWer end, Which 
engages the guide block 80. A spring or other suitable bias 
member 84 is disposed betWeen the ?ange 82 and a con 
fronting surface of the folloWer guide 74 to bias the plunger 
72 and guide block 80 doWnWard. The roller folloWer 78 
travels along the surface of the cam lobes 46 as the camshaft 
42 rotates, causing the plunger 72 to be driven upWardly 
Within the barrel 62 as the roller folloWer 78 travels along 
the upWard slope of each lobe 46. As the roller folloWer 78 
travels along the doWnWard slope of a cam lobe 46, the 
spring 84 biases the roller folloWer 78 against the cam lobe 
46 and the plunger 72 is draWn doWnWardly Within the barrel 
62. 

[0019] With continued reference to FIG. 3, the plunger 72 
is provided With at least one vent port 86 (tWo ports 86 are 
shoWn) that open to a ?uid cavity 88 formed Within the 
pump 26 around a portion of the plunger 72. The cavity 88 
is connected With the inlet 64 of the pump 26 via a 
passageWay 90 in the barrel 62. A metering sleeve 92 is 
slidably mounted concentrically With the plunger 72 and 
located Within the cavity 88. The metering sleeve 92 is 
biased upWardly, as vieWed in FIG. 3, by a bias spring 94 
trapped betWeen the sleeve 92 and an upWardly facing Wall 
of the folloWer guide 74. A conventional solenoid coil 96 is 
disposed around the plunger 72 and the metering sleeve 92, 
as shoWn in FIG. 3. The metering sleeve 92 and the solenoid 
coil 96 together form a solenoid assembly 98, With the 
metering sleeve itself forming the armature of the solenoid 
assembly 98. In an alternative embodiment not shoWn in the 
draWing but evident from the preferred embodiment, the 
metering sleeve 92 may be a trapped betWeen the spring 94 
and an armature sleeve (not shoWn), in Which case the 
metering sleeve itself is not the actual solenoid armature but 
does move together With the solenoid armature. 

[0020] 
[0021] In operation, the doWnWard stroke of the plunger 
72 is the intake stroke of the unit pump 26, Which draWs ?uid 
into the cavity 88 from the inlet 64 through the spring-biased 
inlet check valve 64A. Fluid is further draWn into the 
plunger 72 through the vent ports 86, Which serve as inlets 
ports to the pump chamber 68. After completion of the 
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intake stroke, the plunger 72 is driven upwardly through its 
compression or pumping stroke. Depending on the location 
of the metering sleeve 92 relative to the vent ports 86, the 
upWard stroke of the plunger 72 causes ?uid in the pump 
chamber 68 to be pumped either back out the vent ports 86 
and into the cavity 88 or through the outlet check valve 66A 
to the outlet 66. 

[0022] Because the metering sleeve 92 preferably forms 
the armature of the solenoid assembly 98 (or at least moves 
in unison With the armature), the position of the metering 
sleeve 92 depends on the current applied to the solenoid coil 
96. If little or no current is applied to the solenoid coil 96, 
the metering sleeve Will be pushed upWardly, as vieWed in 
FIG. 3, until the spring 94 is uncompressed or the sleeve 92 
engages the upper Wall of the cavity 88. By applying current 
to the solenoid coil 96, the metering sleeve 92 can be driven 
doWnWardly relative to the plunger 72 against the force of 
the spring 94. The magnitude of the applied current deter 
mines hoW far the metering sleeve 92 is displaced from its 
unactivated, resting position. In other Words, the position of 
the metering sleeve is preferably a function of the current 
supplied to the solenoid. 

[0023] Minimum or Zero ?uid delivery from the unit pump 
26 is achieved When no current is applied to the solenoid coil 
96, in Which case the sleeve 92 is positions such that the vent 
ports 86 remain uncovered during the entire plunger stroke. 
To increase the ?uid delivery from the unit pump 26, a 
current corresponding to the desired output is applied to the 
solenoid coil 96, Which drives the metering sleeve 92 
doWnWardly. As a result, the vent ports 86 are covered and 
sealed by the metering sleeve 92 during a portion of the 
upWard stroke of the plunger 72, and as a result, ?uid is 
pumped from the pump chamber 68 through the outlet check 
valve 66A to the outlet 66 during that portion of the plunger 
stroke. By applying a higher current to the solenoid coil 96, 
the sleeve 92 can be driven further doWnWard, Which 
increases the duration during pumping stroke during in 
Which the vent ports 86 are covered by the metering sleeve 
92. As a result, the ?uid delivery to the outlet 66 is increased, 
and maximum ?uid delivery is achieved When the sleeve 92 
is moved into contact With a stop surface on folloWer guide 
74 to fully compress the spring 94. As apparent, a decrease 
in the ?uid delivery to the outlet is achieved by applying a 
loWer current to the solenoid coil 96. 

[0024] This invention is illustrated With respect to a single 
plunger unit pump, but those skilled in the art Will recogniZe 
that the principles of this invention are equally applicable in 
controlling ?uid delivery from a pump having a plurality of 
reciprocal plungers. In such a pump, one or more of the 
plungers Would be provided With a metering sleeve that 
forms the armature of a solenoid assembly. Examples of 
piston/plunger pumps in Which this invention may be 
applied include both radial piston pumps and axial piston 
pumps. 

[0025] Although the presently preferred embodiments of 
this invention have been described, it Will be understood that 
Within the purvieW of the invention various changes may be 
made Within the scope of the folloWing claims. 

1. A sleeve metered pump comprising: 

a pump housing de?ning a pump chamber, an inlet and an 
outlet; 
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at least one plunger de?ning at least one vent and being 
positioned to reciprocate a stroke distance in said pump 
housing; 

a solenoid assembly that includes a coil disposed around 
said at least one plunger and a metering sleeve slidably 
mounted on each said at least one plunger; and 

said metering sleeve having a position in Which said at 
least one vent is covered for a portion of said stroke 
distance. 

2. The sleeve metered pump of claim 1 Wherein said 
position of said metering sleeve is a function of current 
supplied to said solenoid assembly. 

3. The sleeve metered pump of claim 1 Wherein said 
metering sleeve has a ?rst position in Which said at least one 
vent is uncovered throughout said stroke distance; and 

said metering sleeve has a second position in Which said 
at least one vent is covered throughout said stroke 
distance. 

4. The sleeve metered pump of claim 3 including a spring 
operably positioned in said pump housing to bias said 
metering sleeve toWard said ?rst position. 

5. The sleeve metered pump of claim 1 Wherein said 
solenoid assembly includes an armature; and 

said armature is either a portion of said metering sleeve or 
operably positioned to move With said metering sleeve. 

6. The sleeve metered pump of claim 1 Wherein said at 
least one plunger is a single plunger. 

7. The sleeve metered pump of claim 1 Wherein said 
position of said metering sleeve is a function of current 
supplied to said solenoid assembly; 

said metering sleeve has a ?rst position in Which said at 
least one vent is uncovered throughout said stroke 
distance, and a second position in Which said at least 
one vent is covered throughout said stroke distance; 

a spring operably positioned in said pump housing to bias 
said metering sleeve toWard said ?rst position; 

said solenoid assembly includes an armature that is a 
portion of said metering sleeve; 

said at least one plunger is a single plunger. 
8. A fuel injection system comprising: 

a common rail; 

a plurality of fuel injectors ?uidly connected to said 
common rail; 

a source of ?uid; 

a sleeve metered pump With an outlet ?uidly connected to 
said common rail and an inlet ?uidly connected to said 
source of ?uid; 

said sleeve metered pump including a solenoid assembly, 
at least one plunger that de?nes a vent and is positioned 
to reciprocate a stroke distance in a pump housing; and 

said solenoid assembly includes a coil disposed around 
said at least one plunger and a metering sleeve slidably 
mounted on each said at least one plunger. 

9. The fuel injection system of claim 8 Wherein a position 
of said metering sleeve is a function of current supplied to 
said solenoid assembly. 
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10. The fuel injection system of claim 8 wherein said 
metering sleeve has a ?rst position in Which said at least one 
vent is uncovered throughout said stroke distance; and 

said metering sleeve has a second position in Which said 
at least one vent is covered throughout said stroke 
distance. 

11. The fuel injection system of claim 10 including a 
spring operably positioned in said pump housing to bias said 
metering sleeve toWard said ?rst position. 

12. The fuel injection system of claim 8 Wherein said 
solenoid assembly includes an armature; and 

said armature is either a portion of said metering sleeve or 
operably positioned to move With said metering sleeve. 

13. The fuel injection system of claim 8 Wherein said at 
least one plunger is a single plunger. 

14. The fuel injection system of claim 8 Wherein said 
position of said metering sleeve is a function of current 
supplied to said solenoid assembly; 

said metering sleeve has a ?rst position in Which said at 
least one vent is uncovered throughout said stroke 
distance, and a second position in Which said at least 
one vent is covered throughout said stroke distance; 

a spring operably positioned in said pump housing to bias 
said metering sleeve toWard said ?rst position; 

said solenoid assembly includes an armature that is a 
portion of said metering sleeve; 

said at least one plunger is a single plunger. 
15. Amethod of controlling output from a sleeve metered 

pump, comprising the steps of: 

providing a sleeve metered pump that includes at least one 
plunger positioned to reciprocate a stroke distance in a 
pump housing and de?ning at least one vent, and 
further includes a solenoid assembly With a coil dis 
posed around said at least one plunger and a metering 
sleeve slidably mounted on each said at least one 
plunger; 
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determining a desired effective pumping stroke for said 
sleeve metered pump; 

determining a solenoid current magnitude that corre 
sponds to said desired effective pumping stroke; and 

adjusting a position of said metering sleeve by supplying 
current to said solenoid assembly at a level correspond 
ing to said solenoid current magnitude. 

16. The method of claim 15 Wherein said adjusting step is 
accomplished by applying a magnetic force to said metering 
sleeve via said coil. 

17. The method of claim 15 Wherein, if said desired 
effective pumping stroke is determined to be Zero, then 
setting said solenoid current magnitude to Zero. 

18. The method of claim 15 Wherein, if said desired 
effective pumping stroke corresponds to a maXimum ?uid 
delivery, then said adjusting step includes supplying a cur 
rent that is suf?cient to move said metering sleeve into 
contact With a stop surface. 

19. The method of claim 15 Wherein said determining 
steps are accomplished With an electronic control module. 

20. The method of claim 15 Wherein said adjusting step is 
accomplished by applying a magnetic force to said metering 
sleeve via said coil; 

if said desired effective pumping stroke is determined to 
be Zero, then setting said solenoid current magnitude to 
Zero; and 

if said desired effective pumping stroke corresponds to a 
maXimum ?uid delivery, then said adjusting step 
includes supplying a current that is suf?cient to move 
said metering sleeve into contact With a stop surface; 

said determining steps are accomplished With an elec 
tronic control module. 


